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SMABY  OF  OBJECTIVES 

The  general  subject  of  this  program  was  that  of  development  of  new 
or  adapt  existing  methods  for  the  preparation,  growth  and 
characterization  of  III-V  electronic  and  optoelectronic  materials  for 
MOCVD  technique.  Investigations  were  conducted  on  the  growth  of 
epitaxial  lasers  using  organometallic  chemical  vapor  d^iosition  method 
of  selected  III-V  mterials  \rfiich  are  potentially  useful  for  photonics 
and  microwave  devices.  The  following  is  a  list  of  specific  tasks 
acccnplished  during  the  contract  period: 

a.  Developed  new  or  adapted  existing  III-V  substrate  preparation 

techniques  to  insure  hi^  mcbilities  and  good  morphology  of 
the  epitaxial  layer  grown  on  the  substrate. 

b.  Investigatedthe  epitaxial  growth  characterstics  of  III-V 

single  crystal  ^itaxial  layers  enploying  RADC  metal  organic 
chemical  v^por  deposition  system. 

c.  Developed  new  or  adapted  existing  III-V  epitaxial  layer 

characterization  method  to  determine  the  layer  mobility, 
ccnposition,  thickness,  and  carrier  concentration. 


d.  Developed  new  or  adapted  existing  characterization  method  to 
determine  the  quality  of  multilayered  epitaxial  structures 
for  photonics  and  optoelectronic  devices. 
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CHAPTER  1 


I, 'art 


During  the  life  of  this  contract  ecophasis  \idas  placed  on  installing 
the  machine^  testing  for  the  safety,  labelling,  and  understanding  the 
operating  procedures  of  the  different  con^nents  of  the  new  RADC's 
Hetal  Organic  Chemical  Vapor  Deposition  (MOCVD)  systan  supplied  ty  the 
CVD  Bquipnent  Corporation  Also,  an  atteqpt  was  made  to  redesign  and 
vnrite  an  cperating  xtanual  for  the  MiOCVD  machine. 

This  report  contains  the  information  on  safety  precautions  and 
operating  procedures  for  safe  and  efficient  handling  of  the  hazardous 
materials,  vdiich  is  very  inportant  for  the  safe  operation  of  the  MXZVD 
crystal  growth  laboratory.  Even  though  RADC's  main  enphasis  is  on 
InP,  GalnAs,  and  GalnP  based  devices,  the  work  done  during  this 
contract  period  was  on  GaAs  epitaxial  layer.  The  reason  for  doing 
this  is  to  find  the  problems  existing  with  the  RADC's  MCXIVD  machine. 
As  soon  as  the  leak  and  flviid  flow  cfynamic  problems  are  solved,  work 
on  InP  related  ccnpounds  will  begin. 

The  main  eophasis  was  on  installing  and  tesing  the  v4iole  MOCVD 
system  for  leaks  and  also  finding  out  which  components  of  this  machine 
did  not  work.  The  major  problems  found  were  with  (1)  the  donut  shaped 
heater,  (2)  the  feedthrough  for  the  heater,  (3)  the  reactor,  and  (4) 
the  gas  plunbing  system.  CVD  Equipment:  Corporation  was  brought  in  to 
do  final  tune-up  which  turned  into  a  major  system  change  as  many 
problems  were  uncovered.  The  major  changes  included  new  quartz  bell 
jeu:  sheped  reactor  design,  new  heater  design  and  nunerous  gas  plunbing 
changes. 

During  this  contract  period  flviid  flow  dynamics  of  the  MOCVD 
reactor  waa  studied  which  helped  in  understanding  the  flow  patterns 
in  the  lex/  pressure  MOCVD  reactor. 
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CHAPTER  2 

EPITRXIAL  GRCMH  MHSAMISM  FOR  m-V  GCHFGIIIDS  nSIMS  lOCVD 

MCXZVD  is  a  vapor  phase  process  vising  organanetallics  as  starting 
materials.  For  the  growth  of  III-V  semiconductors,  metal  alkyls  such 
as  trimethylindium  (TMI),  Triethyl  indium  (1EI),  and  Trimethylgallium 
(TMG)  are  typically  used  as  the  sources  of  the  group  III  elements. 
Vftien  l^drides  from  the  groi^  V  elements  like  arsine  and  phos^diine  are 
mixed  with  the  metal  alkyls  at  elevated  temperatures  in  the  vapor 
phase,  reactions  take  place  resulting  in  the  deposition  of  single 
crystal  layers  of  III-V  conpounds. 

General  Outline  of  Epitaxial  Qccswth  MschaniaB 

Ihe  most  general  concept  of  the  growth  mechanics  vdiich  is  needed 
to  be  outlined  is  the  sequence  of  events  which  take  place  in  the 
reactor.  Initially,  the  group  III  constituents  are  introduced  into 
the  gas  stream  by  bubbling  ultrapure  hydrogen  carrier  gaa  through  a 
trimethyggLLlium  (TMG)  (trimethyliixium  (TMI))  or  triethylgedlium  (TEG) 
(triethyl indium  (TEI))  liquied  sources.  The  vapor  pressure  of  the 
source  is  exponentially  dependant  upon  the  temperature,  hence  the 
desired  concentration  of  TMG  (TMI)  or  TEG  (TEI)  can  be  controlled  by 
varying  the  tenperature  and  the  hydrogen  flow  into  the  bubbler.  Tte 
actual  flow  (cc/min.)  of  TMG  (or  TEI)  into  the  reactor  can  be 
calculated  using  the  formula; 

vapor  pressure  (TMG/TEI) 

^TMG/TEI  ® -  (fl(M  H2  into  bubbler) 

pressure  (reactor) 

The  group  V  hydride  concentration  into  the  reactor  can  be  directly 
manipulated  by  regulating  the  flow  of  ASH3  or  PH3  from  a  100%  ASH3  or 
PH3  cylinder  tank  respectively.  Both  the  ASH3  (or  PH3)  and  TMG  (or 
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TEI)  are  carried  to  the  reactor  by  the  ultra-pure  hydrogen.  For  a 
given  system,  the  concentrations  of  the  respective  gases  can  be  varied 
over  a  range  of  values;  typically  the  mole  fraction  of  the  TMG  is  in 
the  10"^  range,  the  mole  fraction  of  the  ASH3  is  in  the  10“^  rcuige 
and  the  total  flow  of  gas  through  the  ractor  might  vary  from  1  to  10 
liters  per  minute.  The  next  step  requires  the  reactants  to  be 
transferred  to  the  growth  site.  'This  takes  place  by  diffusion  aixl/or 
convecticn  from  the  imin  gas  stream  to  the  wafer.  After  the  reactants 
are  absorbed  at  the  surface  the  reaction  takes  place.  At  this  point, 
the  GaAs  (or  InP)  composes,  it  attaches  to  the  existing  substrate 
lattice,  and  the  reaction  by-products  need  to  be  desorbed  from  the 
surface  and  transferred  back  to  the  main  gas  stream.  A  simnary  of  the 
st^s  taking  place  is  given  below: 

1.  Transport  of  reactants  to  epitaxied  growth  region 

2.  Transfer  of  reactants  to  crystal  surface 

3.  Adsorption  of  reactants 

4.  Surface  reactions 

5.  Desorption  of  products 

6.  Transfer  of  products  to  main  gas  stream 

7.  Transport  of  reactants  out  of  ^itaxial  region 

If  these  steps  occur  consecutively,  then  the  slowest  step  will 
dcminate  the  growth  process;  this  is  the  rate  limiting  step.  However 
if  seme  of  these  steps  occur  simultaneously,  then  the  fastest  sequence 
will  dcminate  the  growth.  It  is  possible  that  this  parallel  process 
occurs  during  the  reaction/ incorporation  segments  since  it  is  not 
quite  certadn  v^iether  the  constituents  react  and  then  move  to  a  growth 
site  or  if  they  move  to  a  growth  site  and  then  react. 

Depending  upon  which  steps  of  the  sequence  are  dominating  the 
process,  the  epitaxy  can  be  under  one  of  three  different  regions  of 
control.  Ihe  first,  mass  transport  type  I,  occurs  vdien  the  process  is 
input  rate  limited.  Here,  it  is  assximed  that  the  surface  reactions 
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and  diffusion  are  in  equilibriim  and  that  the  growth  is  governed  by 
the  rate  at  vdiich  the  species  move  to  and  frem  the  reaction  site.  The 
second/  mass  transport  type  II,  is  considered  to  be  mass  transfer 
limited.  In  this  case,  the  diffusion  of  the  reactant  to  the  lattice 
regulates  the  growth  process.  Finally,  if  the  sequence  is  most 
dependant  upon  the  surface  reactions,  the  system  is  under  Kinetic 
control.  When  this  occurs,  the  transport  is  occurring  at  a  faster 
rate  than  the  surface  kinetics  and  therefore,  the  surface  reactions 
are  most  infprtant. 

By  varying  the  grewth  parameters,  and  monitoring  the  growth  rate, 
one  might  be  able  to  determine  the  region  of  control  they  are 
eperating  in.  For  instance,  if  the  growth  rate  is  strongly  influenced 
by  varying  the  reaction  temperature,  then  the  system  is  probably  in 
the  kinetic  control  regime.  However,  if  the  mole  fractions  of  the  gas 
greatly  affect  the  growth,  then  the  system  is  mass  transport  limited. 
Looking  at  the  effect  of  varying  certain  parameters  is  one  technique 
for  investigating  the  growth  mechanics.  The  growth  process  will 
probably  shift  from  one  type  of  control  to  another,  d^sending  upon  the 
gowth  parameters. 

The  three  major  regions  of  the  growth  process  are  the  input  stage, 
vhere  the  reactants  are  introduced,  the  mixing  stage,  where  possible 
adduct  formation  and  elimination  reactions  take  place,  cuid  the 
substrate  surface,  where  growth  proceeds. 

Hnmogaieous  Gas  Phase  Reactions 

The  state  of  the  reactants  and  products  in  the  gas  phase  has  been 
a  topic  of  vast  uncerteLinty.  Therfe  are  three  major  phenomena  which 
need  to  be  investigated,  adduct  formation,  polymer  formation,  and 
decenposition  vs.  cenposition. 

An  adduct  forms  when  aui  electron  acceptor  molecule  (Lewis  Acid) 
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conbines  with  an  electron  donor  molecule  (Lewis  Base).  Ihe  amount  of 
adduct  formation  depends  primarily  on  how  extensively  the  two 
molecules  are  mixed  at  low  tenperatures.  However,  an  inportant  aspect 
of  the  adducts  in  the  gas  phase  is  not  how  it  foxmis,  but  how  it 
deccnposes.  Since  the  bond  energy  is  low,  the  adduct  could  just  break 
apart  into  TMG/TEI  and  ASH3/PH3  as  it  moves  further  into  the  high 
teirperature  region  in  the  immediate  vicinity  of  the  susceptor.  This 
process  would  have  very  little  effect  on  the  reaction  mechanisms.  More 
importantly  though,  the  adduct  could  go  through  an  elimination 
reaction  as  it  approaches  the  wafer.  If  this  occurs,  the  R3lII:R3'V 
molecule  sequentially  loses  RR'  groups  until  a  very  strongly  bonded, 
highly  reactive  RIII:RV  polymeric  molecule  remains  (where  the  R 
represents  the  methyl  or  ethyl  group  and  the  R'  represents  the 
hydrogen  for  the  GaAs  or  InP  reaction).  Since  there  are  two  dangling 
bond  sights,  the  RIII:RV  readily  forms  (RIII:RV)n  polymers  if 
possible.  Althoui^  2dduct  and  polymer  formations  in  MOCVD  might  be 
limited,  it  should  be  considered  since  the  RIII:R'V  molecule  could  be 
a  source  of  carbon  incorporation  into  the  lattice. 

The  other  aspect  of  the  gas  phase  reactions  involves  the 
deconposition  or  pyrolisis  of  the  various  III-V  constituents.  Mai^ 
researchers  feel  that  the  THS  and/or  TEI  molecules  and  the  ASH3  and/or 
PH3  molecules  become  pyrolised  as  they  enter  and  pass  through  the 
boundary  layer.  D.H.  Reep  [1]  have  calculated  that  the  activation 
disassociation  energies  for  the  three  GaCH3  bonds  are  59.5,  53.4,  and 
77.5  KCal/mole,  respectively.  Hence,  it  is  thought  if  there  is  enough 
energy,  the  first  two  methyl  groups  will  be  released  and  a  tightly 
bonded  GaCH3  conpex  will  remain.  Much  of  the  general  acceptance  of 
this  theory  lies  in  the  experimental  data  which  presunably  supports 
this  concept. 

I.R.  spectroscopy  by  various  groups  has  shown  there  to  be  no  TMG 
in  the  boxindary  layer  region.  In  peurticular,  M.R.  Leys  and  H. 
Veenliet  [2]  used  in-situ  I.R.  spectrosccpy  where  the  sanpling  probe 
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was  0.2  m  above  the  substrate.  It  is  cxancluded  that  at  a  temperature 
above  approxirately  600°  C,  all  the  TMG  in  the  boundary  le^er  has  been 
deccnfxssed.  Also,  Leys  and  Veenviet  point  out  that  the  sensitivity  of 
the  spectrum  for  TMG  is  about  1%  of  the  TMG  at  the  input  (P-ruG 
input  =  1  X  10"^  atm).  J.  Kishizawa  and  T.  Kurabyashi  [3]  have  also 
done  extensive  I.R.  spectroscopy  on  ASH3  and  TMG  +  ASH3.  It  is  shown 
that  the  TMG  approaches  100%  decomposition  at  about  600°C  while  the 
ASH3  does  not  decoipose  nearly  as  ouch. 

However,  when  the  TMG/TEI  is  introduced  to  the  ASH3/PH3,  the 
ASH3/FH3  cV^conposition  is  enhanced,  and  whan  a  GaAs/InP  substrate  is 
included,  the  deccqposition  of  ASH3/PH3  progresses  even  further.  The 
availabilily  of  the  methyl/etlyl  groiqm  seem  to  be  responsible  for  the 
increased  ASH3/FH3  deccnposition,  while  the  GaAs/InP  substrate  seeoe 
to  act  as  a  catalyst.  Much  of  this  data  inplies  that  the  pyrolisis  of 
the  ASH3/EHJ  and  the  TMG/TEI  is  a  major  step  in  the  growth  mechanics. 

Finally,  it  has  been  found  that  under  the  proper  growth  conditions 
an  appreciable  amount  of  TMG/TEI  and  ASH3/PH3  is  still  available  in 
the  vapor  phase  at  the  substrate.  Considering  the  high  linear 
velocities  of  the  gases  and  the  time  necessary  for  100%  deccnposition 
of  TMG/TEI  and  ASH3/FH3,  the  concentration  of  TMG/TEI  and  ASH3/PH3  in 
the  gas  phase  must  be  considered. 

Needless  to  say,  the  hcraogenecus  gas  phase  reactions  in  MIOCVD  are 
difficult  to  precisely  predict;  given  the  strong  dependence  on 
tenperature  and  the  taiperature  gradient  across  the  reaction  chamber, 
it  is  difficult  to  identify  which  species  are  dcminating  the  gaa  phase 
ccnposition.  Some  possibilities  are,  (RIII:R'V)n  polyneric  ccnpounds, 
(GaCH3)n  polymeric  ccnpounds/(InC2H5)n  polymeric  compounds,  ASH2/PH2, 
AsH/PH,  TMG/TEI,  and  ASH3/PH3.  By  irplementing  several  sequences  of 
crucial  e^^jeriments  (possibly  including  some  form  of  spectosccpy) ,  the 
gas  phase  conpostion  could  be  better  defined  than  it  is  to  date. 
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Surface  Reactioa 

Given  the  information  on  the  gas  phase  composition,  there  are 
three  genreal  theories  for  the  surface  reaction.  The  first  two  assume 
that  the  gas  phase  is  dominated  by  GaCH2/InC2H2  molecules  and  various 
forms  of  As/P  constituents  as  explained  by  the  pyrolisis  concept. 
Here  the  GaCH3/InC2H5  and  AsH/PH  molecules  are  absorbed  at  the 
surface,  then  the  reactions  betMeen  the  two  molecules  transpire  and 
the  CH4  by-product  is  desoibed  from  the  surface. 

The  second  alternative  being  that  the  GaCH3  /InC2H5  is  absorbed  at 
the  surface,  and  then  diffuses  to  the  ^spropriate  Gallium/Indiim  kink 
site,  vbere  it  forms  GaAs/InP.  Hence,  this  process  is  enhanced  by  the 
concentration  of  arsenic/Phosphorus.  The  final  possibility  postulates 
that  an  abvindance  of  TMC/TEI  and  ASH3/PH3  exists  at  the  substrate 
surface.  Now  as  the  TMG/TEI  collides  with  the  ASH3/PH3  at  the 
surface,  the  complete  reaction  occurs,  forming  GaAs/InP  and 
Methane/Bthane . 

All  of  these  surface  reactions  are  assuming  ideal  thennodynamic 
conditions.  In  reality,  under  certain  conditions,  the  thermodynamics 
nay  not  be  as  desirable  vAiere  upon  incomplete  reactions  may  occur. 

Boundary  layer  Diffusion 

In  the  600-800°C  range,  it  is  generally  considered  that  the 
reaction  mechanisms  are  not  the  rate  limiting  step  of  the  growth 
process.  In  this  remge,  the  diffiision  of  the  species  through  the 
boundary  layer  to  the  siirface  proceeds  slower  than  the  surface 
reaction  and  is  therefore  the  limiting  step  of  the  growth  process. 
Hence,  the  growth  rate  is  almost  entirely  controlled  by  the  diffusion 
mechanisms. 

Uie  boundary  layer  is  the  sliver  of  the  gas  stream  above  the  vmfer 
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that  the  cx>nstituents  diffuse  through  in  a  very  short  period  of  time. 
It  is  not  actually  a  stagnant  region  above  the  substrate,  however, 
such  a  conc^Tt  helps  to  visiialize  the  diffusion  process.  Obviously, 
if  the  boundary  thickness  varies  over  the  growth  ^u:ea,  then  the 
diffusion  time  will  veiry  and  the  growth  rate  will  not  be  uniform 
across  the  substrate. 

Since  the  ratio  of  the  group  V  partial  pressure  to  the  group  III 
partial  pressure  is  usually  large  (at  least  10),  then  the  diffusion  of 
the  group  III  molecules  limits  the  grwth  rate.  The  flux  of  the  groi;^) 
III  molecules  then  be  written  as: 

'^III  “  °III  (^III  “  ^IIl)/^ 

vdiere  Djjj  is  the  diffusion  coefficient  in  the  gas  stream  and  it  is 
dependent  v^xan  T^,  Vjjj  is  the  partial  pressure  at  the  growth  inerface 
and  d  is  the  boundary  layer  thickness.  As  the  boundary  layer 
thickness  is  decreased  or  the  reactant  partial  pressure  is  increased, 
the  flux  will  increase,  therefore  increasing  the  growth  rate. 

EFFECTS  OF  TEMPERAIORB,  PRESSURE,  TOTAL  FLOW,  MOUB  FRACTIGHS,  AHD 
SOBSIRKIE: 


In  this  section  the  general  effect  on  the  growth  process  of 
varying  the  irajor  growth  parameters  in  the  MOCVD  system  is  considered. 

Varying  the  temperature  of  the  susceptor  can  strong.^  y  effect  both 
the  surface  reactions  and  the  gas  phase  reactions.  In  the  gas  phase 
the  temperature  greatly  influences  the  amount  of  TMG/TEI  and  ASH3/FH3 
decomposition.  Also,  the  temperature  and  the  miagnitude  of  the 
temperature  gradient  can  greatly  affect  the  formation  of  adducts  and 
polymers.  At  lew  temperatures,  the  effect  of  reduced  reactiOT.  rates, 
inccmplete  reactions,  and  less  decomposition  might  be  so  great  that 
the  system  vculd  shift  from  diffusion  limited  growth  to  kinetical  ly 
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controlled  grovrt:h,  vdiile  at  the  high  teirqperatiire  end,  increased 
deabsorption  from  the  surface,  and  extensive  decomposition,  agadji 
might  precipitate  kinetically  controlled  conditions. 

The  direct  effects  of  total  pressure  probably  has  very  little 
effect  on  the  reaction  mechanisms  since  the  partial  pressures  are  the 
dominating  aspect  in  the  reaction.  However,  by  reducing  the  total 
pressure,  the  linear  gas  flow  velocity  is  Increased.  IMs  change  in 
linear  velocity  definitely  will  influence  the  boundary  layer  thickness 
and  diffusion  rate  since  the  flux  rate  is  proportional  to  the  square 
root  of  the  velocity.  Also,  increasing  the  velocity  will  reduce  the 
amount  of  time  the  molecules  spend  in  the  high  temperature  zone. 
Obviously  this  should  effect  both  the  extent  of  molecular 
decon^sition  and  the  completion  of  veurious  gas  phcise  and  siirface 
reaction. 

Oianging  the  total  flow,  again,  will  change  the  linear  velocity  of 
the  gases.  Hence,  changing  the  total  flow  should  give  some  similar 
results  to  changing  the  total  pressure. 

Varying  the  mole  fractions  (or  partial  pressures)  of  the  input 
gases  probably  has  the  strongest  influence  on  the  reaction  mechanisras. 
The  concentration  of  the  constituents  in  the  gas  phase  strongly 
affects  the  availability  of  all  the  different  forms  of  the  groi^)  III 
cind  V  reactants  at  the  substrate.  These  changes  will  drastically 
affect  both  impurity  incorporation  and  growth  rates.  Also,  the 
partial  pressures  of  the  reactants  will  determine  the  boundary  la;yer 
diffusion  rates;  hence,  the  mole  fractions  will  strongly  affect  those 
systems  which  are  in  the  mass  transport  I  and  II  regime. 

Finally,  the  substrate  can  be  considered  as  a  heterogeneous 
catalyst.  Primarily,  the  substrate  acts  as  a  site  for  the  reaction  to 
occur.  The  large  energy  liberation  of  the  reaction  needs  to  be 
transfeinred  to  something;  the  substrate  is  an  ideal  sink  for  the 
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generated  reaction  energy.  Also,  if  the  molecules  lightly  bond  with 
the  dangling  bonds  on  the  substrate  siirface,  the  reactants  molecular 
bfTnris  and  bond  energies  will  be  stretched,  and  distorted.  This  would 
catalyze  the  reaction,  affecting  both  its  rate  and  ccmpleteness. 

It  must  be  kept  in  mind  that  parameters  which  effect  the  reaction 
mechanisms  nety  be  masked  out  when  the  system  is  in  the  ness  transport 
regime.  This  is  not  to  say  they  are  not  inportant,  since  the  reaction 
mechanisms  can  influence  both  the  growth  rate  and  impurity 
incorporation . 

MWJRITY  HCGRFGBAnCN: 

One  of  the  driving  forces  in  stuctying  MOCVD  growth  mechanics  is 
the  incorporation  of  impurities.  There  are  many  intrinsic  impurities 
which  are  generally  found  in  MOCVD  GaAs/InP;  a  few  of  the  primary 
impurities  are,  silicon,  germanium,  zinc,  and  carbon.  From  the  data 
it  spears  that  the  donor  incorporation  can  be  controlled  by  adjusting 
the  temperature  and  the  V/III  ratio.  On  the  other  hand,  the  carbon  in 
the  films  generally  increases  at  low  ratios  and  at  elevated 
temperatures.  It  is  conceivcdsle  that  the  carbon  is  directly 
incorporated  into  the  lattice  either  inccnplete  surface  reactions 
occur  or  when  carbon  containing  polymeric  complexes  react  at  the 
surface.  Depending  upon  vdiich  molecules  dcminate  the  gas  phase 
reactions  as  well  as  which  surface  reaction  is  most  prevalent,  the 
incorporation  of  the  carbon  can  be  explained.  Hence,  more 
experimental  research  needs  to  be  done  to  determine  the  dominating 
phenomena  in  the  gas  phase  and  at  the  surface. 
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CHAPTER  3 

AFFARATOB 

The  RADC/ESM'S  MOCVD  system  exmsists  of  four  major  cai|»nents: 

a.  The  gas  handling  system  which  includes  the  groi^  III  source 

alJtyls,  groi?)  V  source  Iqdrides,  dopants,  all  of  the  valves, 
plumbing,  and  instruments  necessary  to  control  the  gas  flows 
and  mixtures. 

b.  The  reaction  chamber  in  which  the  pyrolysis  reaction  and 

d^aosition  occur. 

c.  The  heating  system  used  to  obtain  pyrolysis  tenperatures. 

<L  The  exhaust  and  the  low  pressure  punping  systems. 

Each  cenponent  of  the  MOCVD  system  is  discussed  belon 

a.  Gas  handling  system 

The  purpose  of  the  gas  handling  system  is  to  deliver  precisely 
metered  amounts  of  uncontaminated  reactants  without  transients  due  to 
pressure  or  flow  changes. 

Pd-purified  hydrogen  gas  is  used  as  the  carrier  gas.  The  inert 
nitrogen  gas  is  used  for  purging  purposes  and  also  for  actuating  the 
air  operated  valves. 

The  group  III  alibis  are  held  in  tenperature  controlled  baths  and 
electronic  ness  flow  controllers  are  used  to  regulate  the  carrier  gas. 
The  group  V  hydrides  are  introduced  as  dilute  mixtxires  (5-10%)  in 
hydrogen,  but  there  is  a  provision  for  using  100%  concentrations  of 
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these  hydrides.  Again  electronic  mass  flow  controllers  are  used  to 
meter  the  reactants.  The  dopants  can  be  used  either  as  alkyls  or 
hydrides. 

Each  of  the  reectants  is  fed  into  a  ccnman  manifold,  with  alkyls, 
hydrides  and  deviants  s^jarated  until  introduction  into  the  reactor. 
The  valving  provisions  eire  eqployed  to  switch  the  sources  from  reactor 
nanifold  to  a  bypass  nanifold.  Hiis  allows  the  intervening  piping  to 
fully  purge  before  injection  into  the  reactor,  and  it  also  allows 
injection  into  the  reactor  to  be  terminated  without  flushing  excessive 
lengths  of  tubings.  All  the  gas  handling  system  is  assembled  form 
stainless  steel  tubing  and  vcilves.  All  the  valves  are  autenated  and 
interfaced  with  con^uter,  as  the  mass  flow  controllers.  Manual 
operatiCTi  is  possible,  but  the  requirements  of  caif>lex  nultilayered 
and  graded  structures  make  non-autemated  systems  difficult  to  use 
reliablly. 

The  gas  handling  manifold  for  the  low  pressiire  system  has  a 
control  valve  between  the  manifold  and  the  low  pressure  reaction 
chamber  which  allows  the  gas  handling  system  to  operate  at  fixed 
pressure  independent  of  reaction  chamber.  Diis  is  done  because  it  is 
essential  to  maintain  a  const£uit  pressure  over  the  group  III  alkyl 
source  since  this  pressure  influences  the  vapor  concentratian  in  the 
gas  phase. 

b.  Reaction  chanpher 

The  RADC  MOeVD  system  has  a  vertical  reaction  chamber.  In  this 
vertical  reaction  chamber,  the  reactants  are  introduced  from  the  top. 
Ihe  substrate  v»fer  lies  flat  on  top  of  a  moly  susceptor  vhich  can  be 
rotated  at  different  speeds.  The  reactor  has  a  1/4"  inject  tube  made 
of  quartz  which  is  used  to  spread  the  flow  of  the  inlet  reactants.  Ito 
decrease  the  possibility  of  gas  contaminating  spent  reaction  products 
to  recirculate  in  convection  currents  and  to  become  entrained  in  the 
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inlet  stream,  the  inject  tube  is  placed  1"  above  the  moly  susceptor. 
Ihe  reaction  chamber  is  cooled  by  a  chilled  water  jacket  placed  around 
it. 

Leak  cheddng  of  the  gas  hand!  ing  system 

ISie  source  reactants  \ised  in  the  MOCVD  system  are  hig^y  toxic, 
ultra  pure  and  reactive  gases.  It  is  therefore  necessary  to  leak  check 
the  system  when  new,  and  again  after  any  equipnent  replacement  in  the 
gas  distribution  system.  A  helium  leak  detector  capable  of  detecting 
leaks  in  the  range  of  1X10~®  cc/sec  of  helium  is  used  for  leak 
checking  the  system- 

Using  the  schematic  diagram  showing  gcis  flows  and  relative 
ccnpionent  placement  all  the  gas  distribution  system  is  labelled  and 
the  flow  directions  are  marked.  This  marking  is  used  as  reference 
during  leak  test. 

Never  use  a  leak  detector  on  a  gas  transfer  line  filled  with  a 
reactive  gas  without  purging  coi^letely  with  several  purge  cycles 
using  Hitzogen  as  purge  gas. 

Preliminary  leak  test  of  sections  of  the  system  is  done  by 
checking  for  pressure  decay  over  5  minute  time  periods.  Then  each 
section  is  -tested  for  leak  using  helium  leak  detector. 

Die  pcQoetkzces  of  leak  checking  is  given  below: 

A.  Leak  check  of  PB  Line 

Note  :  Close  the  PH3  tank. 
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a.  Source  line: 

CLOSE  Valve 
Hand  valve  (HV)  21 
HV  6 
HV  7 


OPEN  Valve 
HV  20 
HV  4 
HV  5 


Punf)  dcMn  using  helium  leak  detector  and  perform  leak  test.  This 
procediire  tests  for  leak  in  the  plumbing  from  PH3  tank  to  the  MOCVD 
sytem. 

b.  Vent  line: 


CLOSE  Valve 
HV  21 
HV  4 
HV  6 

Air  operated  valve  (ACV)  8 
Note  :  AOV  8  — >  SW  8  &  AOV  9  ==>  SW  9 

SET 

MFC  9  TO  200  seem 

AOV  38  TO  "VSJT" 

SWITCh  (SW)  54  TO  "OFF"  POSITICN 

Pump  down  using  leak  detector  and  perform  the  leak  test. 

c.  mject  line: 


OPEN  Valve 
HV  20 
HV  5 
HV  7 

AOV  9  (SW9) 


CLOSE  Vedve 
HV  21 
HV  4 
HV  6 

AOV  8  (SW  8) 


OPEN  Valve 
HV  20 
HV  5 
HV  7 

AOV  9  (SW  9) 
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SET 


MFC  9 

TO 

200sccm 

AOV  38 

TO 

INJECT 

SW  54 

TO 

"OFF"  POSITION 

SW  51 

TO 

"OFF"  POSITION 

Perform  the  leak  test  using  the  helium  leak  detector, 
a  leak  check  of  PBj-B  lljie 
Note  :  Close  the  PH3  tank, 
a.  Soiiroe  lines 


CLOSE  Valve 
HV  21 
HV  10 
HV  11 


OPEN  Valve 
HV  20 
HV  8 
HV  9 


Perform  the  leak  test. 

b.  Vent  lines 

OPEN  Valve 
HV  20 
HV  9 
HV  11 

ADV  15  (SW  15) 

SET 


MFC  12 

TO 

200  seem 

AOV  41 

TO 

"VENT" 

SW  54 

TO 

"OFF"  POSITION 

CLOSE  Valve 
HV  21 
HV  8 
HV  10 

XN  14  (SW  14) 
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Test  for  leak  ijsing  helium  leak  detects:, 
c.  Inject  lines 

CLOSE  Valve 
HV  21 
HV  8 
HV  10 

P£SV  14  (SW  14) 

SET 


MFC  12 

TO 

200sccin 

AOV  41 

TO 

"INJBCr' 

SW  54 

TO 

"OFF" 

SW  51 

TO 

"OFF" 

Test  for  leak. 

C.  Leak  check  of  AbH^  line 

Note  :  Close  the  ASH3  tank. 

cl.  Sonice  lines 

CLOSE  Valve 
HV  21 
HV  14 
HV  15 

check  for  the  leak. 


OPEN  Valve 
HV  20 
HV  12 
HV  13 


OPEN  Valve 
HV  20 
HV  9 
HV  11 

AOV  15  (SW  15) 
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b.  Vent  line: 


CLOSE  Valve 
HV  21 
HV  12 
HV  14 

ADV  12  (SW  12) 

SET 

MFC  11  TO 

ADV  40  TO 

SW  54  TO 

c.  Inject  line: 

CLOSE  Valve 
HV  21 
HV  12 
HV  14 

ADV  12  (SW  12) 


OPEN  Valve 
HV  20 
HV  13 
HV  15 

AOV  13  (SW  13) 

200  sccan 
"VEMT" 

"OFF" 


OPEN  Valve 
HV  20 
HV  13 
HV  15 

AOV  13  (SW  13) 


SET 


MFC  11 

TO 

200sccm 

AOV  40 

TO 

"INJECT' 

SW  54 

TO 

"OFF" 

SW  51 

TO 

"OFF" 
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D.  l£ak  check  of  HCl  line 
Note  :  Close  the  HCl  gas  tank. 


a.  Soucoe  line: 


CPnSE  Valve 
HV  21 
HV  18 
HV  19 

Punp  down  and  leak  check. 

b.  Inject  line: 

CLOSE  Valve 
HV  21 
HV  16 
HV  18 

ADV  18  (SW  18) 

SET 

MFC  14  TO  lOOseem 

SW  49  TO  "OFF" 


OPEN  Valve 
HV  20 
HV  16 
HV  17 


OPEN  Valve 
HV  20 
HV  17 
HV  10 

AOV  19  (SW  19) 


Note  ;  Ihere  is  no  vent  line  for  HOI. 
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CHAPTER  4 

HYTHnmi  PUUPIEK 


CCERATING  PRTWrTTPTfS 

The  Palladiijm  Diffusion  Process  piirifies  gaseous  hydrogen  in  a 
pxirity  beyond  the  limits  of  any  known  means  of  detection.  The 
purification  is  accomplished  by  taking  advantage  of  a  property  of  a 
palladium-silver  all  oy  which  exhibits  selective  permeability  to 
hydrogen  gas.  The  hydrogen  gas  will  diffuse  through  the  palladium- 
silver  alloy  but  other  gases  will  not.  The  metal  is  iirpervious  to  any 
in^xirity. 

The  rate  of  hydrogen  diffusion: 

1.  Varies  directly  with  the  surface  area  of  the  palladiian 

alloy. 

2.  Varies  e^qx^nential ly  with  the  teii^>erature,  increasing 

at  a  decreasing  rate  as  the  tenferatue  increases. 

3.  Varies  directly  with  the  difference  between  the  square 

roots  of  the  partial  pressures  of  hydrogen  on  both 

sides  of  the  palladium  alloy  tubes. 

4.  Varies  inversely  with  the  thickness  of  the  palladium 

alloy  sqitun  in  the  direction  of  flow. 

In  service,  under  operating  conditions,  the  pure  hydorgen  flow 
rate  is  adjusted  2uid  controlled  by  the  inlet  pressure.  The  hydrogen 
puifier  contains  a  fixed  length  of  tubing  of  definite  wall  thickness 
so  that  the  surface  eurea  and  septum  thickness  are  const£mt.  By 
controlling  the  operating  ten^jerature  to  400°C,  the  temperat:ire 
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variable  is  eliminated.  (This  temperature  of  400°C  is  the  optimum 
operating  temperature  which  will  give  the  highest  output  of  pure 
hydrogen  consistent  'i.th  long  life  of  the  palladium  alloy  tubes).  Uie 
difference  between  the  square  roots  of  the  partial  pressures  of 
hydrogen  on  both  sides  of  the  tubes  is  the  only  remaining  variable 
affecting  the  pure  hydrogen  flow  rate.  Cie  flow  rate  of  pure  hydrogen 
then  is  adjusted  with  the  pressure  of  the  inpire  hydrogen  entering  the 
purifier.  Ihe  pressure  of  pure  hydrogen  can  also  adjust  the  flow  rate, 
hcx*ever,  under  operating  conditions  it  is  usiially  held  constant.  Hie 
inlet  pressure  is  limited  by  the  pi^ical  strength  of  the  tube  wall 
and  should  not  exceed  200  psig. 

Poisoning  of  the  palladium-silver  alloy  by  impurities  is  of  no 
concern  if  a  conmercial  cylinder  hydrogen  source  is  used.  However, 
when  other  soxirces  of  impure  hydrogen  are  used,  which  contain  large 
amounts  of  carbon  tetrachloride,  hydrogen  sulfide,  or  other  gases 
containing  sulpuhr,  poisoning  takes  place  at  a  rapid  rate.  In  these 
cases,  it  is  necessary  to  remove  the  poisoning  gases  by  external  means 
before  admitting  the  gas  to  the  purifier.  Poisoned  palladium- silver 
tubes  are  easily  regenerated  with  air  eis  the  inlet  gas  at  operating 
benperature  to  oxidize  the  and  then  with  hydrogaa  to  reduce 
the  metal  oxide  fonned  on  the  tubing  wall. 

In  order  to  prevent  impurities  from  accumulating  on  the  impure 
side  of  the  palladium  alloy  s^jtum  and  thereby  decreasing  the  partial 
pressures  of  hydrogen,  they  are  bled  out  in  a  controlled  stream  of 
Impure  hydrogen  and  either  burned  or  innocuously  vented 

The  purifier  temperature  is  regulated  by  an  electrical  heater 
which  is  controlled  by  the  operating  thermoswitch. 

The  cabinet  contains  a  blower  which  serves  the  dual  purpose  of 
pulling  a  stream  of  cool  air  through  the  cutlet  gas  cooling  coil  and 
of  preventing  an  accumulation  or  hydrogen  within  the  cabinet  in  the 
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event  of  a  leak. 

CSERKTDC  HGISDCTIGiB 

1.  Close  valve  2  (SW-2)  and  valve  5  (SW-5).  Open  valve  1  (SW-1), 
valve  3  (SW-3)  and  valve  4  (SW-4)  to  purge  impure  H2  lines  with 
nitrogen.  Make  sure  that  the  pure  H2  line  has  a  vacuum  of  30". 

2.  Raise  the  temperature  of  the  fximace  to  385°C  with  N2  flowing 
through  it.  Ihis  helps  in  getting  rid  both  the  iirpure  and  pure  side 
of  any  gases  which  might  form  an  explosive  mixture  with  hydrogen 
during  start  up.  The  maximum  operating  temperatirre  should  never 
exceed  400°C. 

3.  Once  the  temperatiire  stablizes  at  385°C,  close  valve  1  (SW-1), 
valve  3  (SW-3)  and  valve  4  (SW-4).  Make  sure  that  the  vacuum  in 
pure  t^drogen  line  is  30"  and  it  is  holding. 

4.  Open  "inlet"  valve  2  (SW-2)  to  admit  the  iqpure  hydrogen. 

Note  :  The  flow  of  pure  hydrogen  may  be  adjusted  by  the  pressure 
of  the  inlet  gas  since  the  diffusion  rate  of  pure  hydrogen  is 
dependent  on  the  difference  between  the  partial  pressures  of  he 
hydrogen  on  both  sides  of  palladium  tubes.  Iherefore  the  pure  tqtlrogen 
flew  rate  can  be  varied  by  adjusting  the  differential  between  inlet 
and  pure  outlet  pressure.  The  recccinended  inlet  pressure  is  200  psig 
or  less.  'Ihe  xjnit  should  never  be  subjected  to  a  pressure  higher  than 
250  psig. 

5.  Open  needle  valve  1  (NV-1)  and  adjust  it  to  pass  approximately 
5%  of  the  "inlet"  H2  gas  flow  rate. 

6.  Discard  the  hydrogen  pxirified  during  the  first  few  minutes  of 
c^jeration  which  may  be  sligjitly  contaminated. 
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lEMFCRAFY  SHOT-OCMI 

If  shut  down  is  only  for  a  short  time  it  is  advisable  not  to  allow  the 
H2  purifier  to  cxxal  dont 

1.  Close  "inlet"  valve  2  (SW-2)  and  needle  valve  1  (NV-1)  and 
close  valve  5  (SW-5)  so  that  a^jproxirately  10  psig  of  gas  pressure 
is  tr^jped  in  the  purifier. 

2.  Leave  power  on  so  that  the  furnace  tenperature  is  maintained  at 
385°C. 

aiARr-CIP  FICM  *EEIfFGBAR;  SCrT-OCMI 

1.  Open  "inlet"  valve  2  (SW-2),  adjust  the  needle  valve  1  (NV-1) 
and  open  valve  5  (SW-5). 

aifFIflE  SBDT-DCNN 

1.  Close  the  "inlet"  valve  2  (SW-2)  and  after  the  gas  had  dropped 

to  10  peig  close  the  needle  valve  1  (NV-1). 

2.  Close  the  pure  hydrogen  gas  V2dve  5  (SW-5). 

3.  Purge  the  purifier  by  opening  the  valve  3  (SW-3)  and  valve  4 

(SW-4)  so  that  the  pure  hydrogen  line  reads  30"  of  vacuum. 

4.  After  10  minutes  open  valve  1  (SW-1)  with  venture  pump. 

5.  Switch  off  the  H2  purifier  heater. 
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SPECIAL  FRECAUnONS 

Hydrogen  is  a  highly  explosive  material  v^en  mixed  with  air. 
Extreme  care  should  be  taken  vAien  connecting  external  fittings  to  make 
certain  they  are  leak  tight.  Periodic  checking  of  the  fittings  for 
leak  is  advisable.  Ihe  hydorgen  diffusion  cell  should  give  years  of 
good  service  provided  the  following  safe  operating  precautions  are 
taten  : 

.  Never  subject  the  purifier  to  a  pressure  higher  than  250  psig.  The 
reconnended  c^jerating  pressure  is  200  psig  or  less. 

.  Never  allow  the  pressure  on  the  piire  side  of  the  system  to  exceed 
the  pressure  on  the  impure  side  of  the  system  as  this  may  cause  the 
tube  to  collapse. 

.  Filter  the  inlet  gas  if  it  contains  solid  or  liquid  impurities. 

.  Never  start  the  hydrogen  flow  unless  £l11  air  has  been  purged  out  of 
all  injure  H2  lines  with  nitrogen  and  the  unit  has  been  completely 
evacuated  so  as  to  avoid  the  possibility  of  explosive  mixtures 
forming. 

.  It  is  very  important  that  the  valve  1  (SW-1),  valve  3  (SW-3),  and 
valve  4  (SW-4)  be  closed  while  hydrogen  is  being  purified. 

.  The  maximum  recommended  operating  temperature  is  400°C  (750°F). 
Never  operate  the  purifier  at  a  temperature  hi^^ier  than  400^C. 

.  Hie  diffusion  cell  should  be  operated  in  well -ventilated  area. 

.  Do  not  use  any  instrument  containing  mercury  for  any  purpose  in 
connection  with  the  hydrogen  purifier.  Mercury  vapor  can  completely 
and  pemenently  poison  the  palladium-silver  membrane. 
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1.  In  order  to  avoid  corrosive  damage  to  internal  parts,  insure 
that  corrosive  contaminants  such  as  halogens,  halides,  sulphur 
canpounds,  and  metal  conpounds  or  vapors  are  absent  frem  the  hydrogen 
feed  gas. 

2.  Oj^gen  in  a  concentration  greater  than  1000  ppm  must  never  be 
allowed  to  enter  a  diffusion  cell  cemtaining  hydrogen.  Oxygen  can  be 
eliminated  by  installing  a  OOQ'gen  Ranoving  Purifier  in  the  feed  line 
upstream  from  the  diffusion  cell. 

3.  Always  heat  up  and  cool  down  your  diffusion  cell  in  the  absence  of 
hydrogen.  This  can  be  done  by  evacuating  or  by  purging  with  inert  gas. 

4.  Sulfur  con^unds,  unsatiirated  hydrocarbons,  free  Ccorbon,  iron, 
lead,  mercxiry,  zinc,  halides,  oil  and  grease  will  poison  the 
precious  metal  membrcine  in  yoiir  diffvision  cell  and  should  be 
entirely  eliminated  from  the  feed  gas. 
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TRmmji  sUDOi'lNS 

A.  NO  POWER: 

1.  Check  fuse. 

B.  OUTPUT  OF  HYDROGEN  DECREASING: 

1.  Check  for  proper  adjustment  of  bleed  gas  valve  (Needle 
valve-1).  Ttoo  low  a  bleed  gas  flew  rate  will  cause  accumulation 
of  impurities  on  the  impure  side  and  thereby  decrease  the  pure 
hydrogen  output. 

2.  Check  for  a  decrease  in  the  hydrogen  content  of  impure  gas. 

3.  Check  for  poisoning  impurities  in  the  feed  gas. 

4.  Regenerate  the  palladium-silver  alloy  by  passing  air  through 

the  impure  side.  Then  pass  l^^drogen  through  the  impure  side  and 
original  pure  hydrogen  output  should  be  regained. 

Note:  It  is  advisable  to  keep  periodic  record  of  the  pure  hydrogen 
output  flow  rates  obtained  under  the  noimal  operating  conditions  so 
that  any  sign  of  poisoning  can  be  easily  detected  by  conparison- 
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RBStERAnCli  FRQCQXJRE  GF  PMl^IUM  DIETlEiai  CSTJ. 

During  noxnal  operation,  it  is  possible  for  carbonaceous  natter  to 
accumulate  on  the  diffusion  cell  wall.  This  may  be  due  to  traces  of 
residual  oil  in  connercial  cylinders,  and  various  other  sources.  As 
palladium  is  nomally  a  hic^y  active  oxidation  catalyst,  a  siiqple  air 
regeneration  will  normally  bring  the  diffusion  cell  back  to  its 
initial  state.  Regeneration  would  be  accomplished  in  the  following 
steps: 

1.  Ccnpletely  evacuate  the  unit  as  in  nonnal  start-up. 

2.  Heat  the  unit  up  to  its  noniHl  operating  teoperature  (400°C). 

3.  Shut  off  vacuum  and  run  ccmmercial  nitrogen  through  the  unit 

at  relatively  low  pressures,  i.e.,  lOpsig. 

4.  Gradually  add  air  to  the  nitrogen  pvurge  stream.  For  example, 

put  20cu.  ft./hr.  of  nitrogen  through  the  diffusion  cell  and 
add  1-2  SCFH  of  air.  The  exact  amount  is  not  a  critical 
matter.  After  ininning  for  15-30  minutes,  gradually  increase 
the  air  and  decrease  the  nitrogen  until  air  is  passing  through 
the  diffusion  tubes. 

5.  Shut  off  air,  evacuate  the  unit,  purge  with  nitrogen,  and 
return  to  the  noimal  cperating  procedure. 
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CHAPTER  5 

GK512I  RBMOVDC  PUKIFJ±»S  JSBOiLUtFiai  MD  GFERKIICK  INgJMJCTlCig 

Oxygen  Ranoving  Purifiers  (GBP)  catalytically  ccnbine  tyirogen  and 
oxygen  to  form  water  vapor.  The  water  vapor  passes  off  with  the 
purified  gas  and  is  renoved  by  Hydrogen  Purifier. 

THEORY  -  ORP  contain  a  precious  metal  catalyst  that  promotes  the 
reaction  of  Iqdrogen  and  oj^gen  gases  to  form  water  vapor,  nomally  at 
ambient  tenperature.  ‘Ihe  two  gases  conbine  in  a  stoichiometric  ratio 
of  tvx)  units  of  hydrogen  to  one  unit  of  oscygen.  In  order  to  ccnpletely 
eliminate  hydrogen  or  03^gen,  the  other  gas  must  be  present  in  excess 
(roughly  110%)  of  the  stoichiometric  ratio  to  ensure  the  reaction  is 
driven  to  caqpletion. 

CONSTRUCTION  -  ORP  is  made  of  seamless  stainless  steel  tubing.  The 
tubing  is  packed  with  high-s\irf ace-area  ceramic  pellets  coated  with  a 
very  active  precious  metal  catalyst.  The  end  caps  are  welded  on  using 
an  inertia  weld,  vAiich  forms  a  grain-refined  solid-state  bond  with  no 
grain  growth,  cast  structure,  porosity,  segregation,  or  filler 
mterials. 

DkJIALLATICW  -  ORP  must  be  installed  vertically  to  prevent  channeling 
of  the  gas  after  the  catalyst  has  settled-  The  inlet  gets  should  always 
enter  through  the  top  of  the  unit.  Up-flow  may  fluidize  the  catalyst 
bed  and  cause  attrition  of  the  catalyst.  Metallic  pipe  or  tubing 
should  be  used  to  install  the  GR.  Plastic  or  rubber  tubing  nay  allow 
the  purified  gas  to  became  recontaminated.  An  inert  niat-jyriai  such  as 
Teflon  tape  should  be  used  for  sealing  threaded  connections. 

uPti<A!nON  -  Both  connections  to  the  CRP  should  be  purged  and  pressure 
tested  for  leaks  with  an  inert  gas  such  as  eurgon  or  nitrogen  before 
placing  the  unit  in  service.  Once  the  system  has  been  purged  euid 
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pressure  tested,  the  gas  flow  can  be  turned  on  and  the  OR  will  begin 
to  work  immediately. 

The  ORP  generally  operate  at  room  ten^jerature;  however,  it  may  be 
necessary  to  heat  the  gas  stream  if  it  is  near  its  dewpoint,  or  if 
carbon  monoxide  is  in  the  feed  gas.  The  ORP  should  not  be  operated 
above  1300°F.  The  ORP  is  designed  to  be  operated  continuously  at 
elevated  pressure  (see  the  ORP  label  for  maximum  pressure  rating). 
Pressure  drop  across  the  GRP  is  negligible. 

The  reaction  of  hydrogen  and  oxygen  is  an  exothermic  reaction 
(heat  releasing).  The  temperature  rise  associated  with  the  reaction  is 
apporximately  30  F  per  0.1%  of  oxygen  removed  frcm  hydrogen  or 
nitrogen  and  40  F  per  0.1%  of  oxygen  removed  from  argon  or  helium.  The 
actual  ten^>erat\ire  rise  depends  upon  the  heat  capacity  of  the  gas 
being  processed  and  on  heat  losses  from  the  system. 
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CHAPTER  6 

MPS-190  SPBdAETT  (SVS  HAilXJHB  SYSOSKS 

nniaxoTGN: 

The  handling  of  the  process  gases  used  in  the  semiconductor 
industry  presents  a  technical  challenge  because  of  the  special 
characteristics  of  those  gases:  toxic,  reactive,  corrosive,  high 
purity.  This  has  enipasized  the  importance  of  improving  the  handling 
methods  with  a  view  to  providing  safety  to  personnel,  protection  of 
the  physical  process,  efficiency  of  the  operation  by  preserving  the 
high  purity  of  the  process  gas. 

Typical  phases  involved  in  the  handling  of  the  process  gases 
inclvide: 

.  Attaching  a  gas  cylinder  to  the  nanifold  of  a  delivery  system. 

.  Putting  the  cylinder  in  service  to  supply  the  manifold. 

.  Isolating  the  process  from  the  delivery  system. 

.  Disconnecting  a  gas  cylinder  from  the  nanifold 

A  common  purpose  through  those  phases  is  to  achieve  the  following 
goals: 

.  Prior  to  disconnecting  a  cylinder  from  the  manifold,  esdaust  in 
a  safe  manner  the  process  gas  contained  in  the  manifold  and 
purge  the  manifold  with  an  inert  gas  until  the  concentration  of 
the  process  gas  is  reduced  to  the  required  safety  limit. 

.  Prior  to  putting  a  new  cylinder  in  service  (opening  the 
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cylinder  valve  to  supply  the  manifold),  purge  the  manifold 
with  an  inert  gas  to  insure  that  the  concentration  of  the 
remaining  impurities  is  not  detrimental  to  the  level  of  purity 
required  for  the  process  gas. 

This  establishes  the  need  for  an  effective  purging  method  which 
will  remove  the  process  gas  frcm  the  manifold  and  substitute  for  it  a 
high  grade  inert  purge  gas  free  of  ispurities. 

Two  basic  approaches  are  used  in  practice.  One  consists  in 
flushing  by  applying  the  purge  gas  at  one  end  of  the  manifold  and 
creating  a  ccaiti.nuous  flow  vdiich  is  eidiausted  at  the  other  end  of  the 
manifold.  This  removes  the  process  gas  by  displacement  and 
entrainment.  The  other  approach  uses  the  principle  of  dilution:  the 
manifold  is  successively  vented  to  a  low  pressure  (atmospheric  level 
or  belcx/  atmospheric  level),  pressurized  with  purge  gas  to  a  pressure 
equivalent  to  several  atmospheres,  then  vented  again  to  the  low 
pressure  level.  The  cycle  is  repeated  several  times.  At  the  end  of 
each  cycle  the  ccnicentration  of  the  process  gas  is  diluted  by  a  factor 
which  is  directly  related  to  the  ratio  of  the  vent  pressure  to  the 
purge  gas  pressxire.  The  principle  suggests  that  the  combination  of 
nimaber  of  cylcles  and  dilution  factor  will  allow  to  reduce  the 
concentration  of  the  process  gas  to  a  very  small  value.  It  suggests 
also  that  it  is  independait  of  the  configuration  of  the  manifold  and 
of  the  path  taken  by  the  purge  gas  flow. 

CeSCSUFTICN: 

1.  Purge  DUuticm 

A  memifod  which  is  filled  with  a  process  gas  is  vented  to 
atmospheric  or  sxibatmospheric  level.  Apiirge  gas  is  applie  i  to  the 
manifold  until  the  pressure  in  the  manifold  reaches  a  nominal  preset 
pressure,  then  the  manifold  is  again  vented  to  atmospheric  or 
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subatmospheric  level.  The  successive  phases  of  pressurizing  and 
venting  consititute  a  purging  cycle.  In  the  course  of  the  cycle  the 
concentration  of  the  process  gas  has  been  reduced  by  "injecting"  into 
the  manifold  a  greater  volume  of  purge  gas  than  the  initial  volume  of 
process  gas.  If  the  addition  of  purge  gas  brings  the  pressure  from 
atmosjiieric  level  to  60  psi,  the  manifold  will  contain  one  volume  of 
process  gas  and  four  volumes  of  purge  gas:  the  concentration  of  the 
process  gas  will  be  reduced  to  1/5  of  its  initial  value.  The  dilution 
factor  is  1/5:  it  is  equal  to  the  ratio  of  the  vent  absolute  pressure 
over  the  absolute  pressure  created  by  the  purge  gas. 

The  purging  cycle  is  repeated  several  times.  At  the  conclusion  of 
each  cycle  the  process  gas  concentration  is  reduced  to  1/5  of  its 
previous  value.  At  the  end  of  N  cycles  the  concetration  will  be 
reduced  to  (1/5)^  of  its  starting  value. 

It  is  apparent  that  the  total  dilution  is  directly  related  to  the 
nunter  of  cycles  N  and  to  the  dilution  factor  obtained  at  each  cycle. 
The  dilution  factor  can  be  increased  by  pressurizing  at  a  higher 
pressure  and  venting  at  a  lower  pressure. 

2.  Purge  iv  Flush-Flow: 

One  end  of  the  manifold  is  connected  to  a  purge  gas  supply,  the 
other  end  is  connected  to  the  vent  line.  The  purging  operation 
consists  in  applying  a  continuous  flow  through  the  manifold  for  a 
given  length  of  time  to  displace  the  process  gaa  and  replace  it  with 
purge  gas.  The  removal  of  the  process  gas  proceeds  through  a 
ccnbination  of  turbulent  mixing  and  entraiiment  .  It  is  evident  that 
direct  contact  between  the  two  gases  is  required  for  an  effective 
operation.  It  suggests  that  the  effectiveness  will  be  seriously 
affected  by  any  dead  ended  side  capacity. 
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3.  MPS-190  Purge  Panel  Operating  Instructions: 

Itie  folloring  procedures  have  been  devised  for  the  safe  operation 
and  manipulation  of  the  hazardous  gas  purge  panels  vdiich  are  installed 
in  the  laboratory  for  handling  arsine  and  £^)Osphine. 

In  general ,  chcinging  of  hazardous  gas  cylinder  (or  metalorganic 
bubblers)  will  be  done  by  the  "buddy"  system  and  with  appropriate 
safety  apparatus  and  precautions  enployed  at  all  times. 

It  is  necessary  to  purge  the  system  with  an  inert  gas  after  it  has 
been  exposed  to  air,  and  before  it  is  used  for  any  hazardous  process 
gas  such  as  PH3  and  ASH3.  Purging  is  also  required  to  remove  the 
process  gas  before  opening  the  system  to  air  again. 

Purging  is  not  necessary  or  desirable  at  other  times.  Each  time  a 
transition  is  made  from  purge  gas  to  process  gas  or  process  gas  to 
purge  gas,  there  is  a  mixing  of  the  two  gases  throughout  the  system; 
any  oxygen  or  moisture  in  the  purge  gas  may  react  and  can  be  left 
behind  as  contamination.  The  peuxtice  of  piirging  lines  between  runs 
gives  two  of  these  mixing  events  per  run,  causing  a  cunulative  buildip) 
of  contamination  which  may  eventually  create  problems.  With  a  leak- 
tight  system,  there  is  no  reason  not  to  leave  the  process  gas  in  the 
lines  and  avoid  the  buildup  caused  by  the  repetitive  purging  ritual. 

It  is  necessary  to  thoroughly  purge  the  cylinder  connection  line 
before  and  after  opening  it  to  the  aiT  \idiile  changing  cylinders.  It  is 
not  necessaury  to  expose  the  entire  system  to  purge  gas  dxiring  this 
operation.  Ihe  procedures  outlined  in  the  following  sections  permit 
cylinder  changing  with  a  minimum  of  system  exposure  to  purge  gas. 
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3.1  Proceckire  tx>  fTnnnart:  a  fSag  cylinder  at  Tnitial  start  I]|>  Follcwing 
Eacllitifis  Installatioa  of  Rirgfa  System: 

1.  Connect  the  316SS  tubing  connection  to  the  gas  cylinder  outlet 

valve  and  tighten  the  CGA  nut. 

2.  The  air-operated  main  shut  off  valve  located  downstream  of  the 

flow  limiting  valve  is  normally  closed  (NC).  Open  the  air- 
operated  nain  shut  off  valve  ty  applying  nitrogen  pressure  (60-80 
psi)  to  the  actuator.  The  actuator  is  triggered  by  manually 
pushing  the  corresponding  MPS-190  reset  button  on  the  annunciator 
panel. 

3.  Open  the  by-pass  of  the  flow  limiting  valve  as  follcMS: 

turn  counter-clockwise  (OCW)  one  half  turn  frcm  closed  position. 

the  Allen  key  knurled  knob  attached  to  the  face  of  the  purge 
panel. 

4.  Open  the  DV26  isolation  valve  at  the  inlet  to  the  piressure 

regulator.  This  valve  is  shaped  to  indicate  clearly  the  two 
operating  positions:  open  when  the  lever  is  in  line  with  the 
ports;  closed  vAien  the  lever  is  at  rig^t  angle  with  ports  line. 

5.  Turn  the  knob  of  the  TDK  450  pressure  regulator  clockwise  (CW) 

agciinst  its  stop. 

3J2  ProoBckuB  to  Heliim  leak  Check  MFS-ISO  Purge  System: 

1.  Open  the  process  valve  at  the  outlet  to  the  pressure  regulator. 

2.  Open  isolation  valve,  flow  limit  valve,  and  main  shut  off  valve. 

3.  Close  the  ASH3/FH3  gas  tank. 
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4.  Initiate  evacuation  of  the  MPS-190  purge  panel  by  applying  a 
source  of  "cleein”  vacuum  through  the  process  valve.  Helium  leak 
check  the  MPS-190  system  conponents  at  naxiraum  sensitivity. 

3.3  Prooedure  to  Pressurize  MPS-ISO  Purge  Panel  with  M2: 

1.  Isolate  MPS-i90  purge  system  from  vacuum  source. 

2.  Supply  regulated  N2  (80  PSI)  to  purge  inlet  (i.e.,  through  purge 

valve) . 

3.  Make  20  purge  cycles,  each  cycle  consisting  of  the  following 

st^)s: 

a.  Open  purge  valve,  hold  open  until  the  pressure  reaches  1 

atmosf^iere. 

b.  Hold  open  for  10  additional  seconds. 

c.  Close  purge  valve. 

d.  Open  vent  valve,  hold  c^en  for  10  seconds. 

e.  Close  vent  valve. 

f.  Repeat  (b-c)  20  times. 

4.  Close  process  valve  at  the  outlet  to  the  prRBSure  regulator. 

3.4  Procedure  to  Pressurize  MPS-190  Purge  Panel  Mlth  Cylinder  Gas 

Siq:ply: 

1.  Turn  the  knob  of  the  pressure  regulator  counterclock-wise  (CCW)  to 
zero  setting. 
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2.  Open  slowly  the  valve  on  the  gas  cylinder. 

3.  Close  the  by-pass  of  the  flow  liaililng  valve:  turn  screw  cloclcwise 

(CW)  to  shut  tight. 

3.5  Procedure  to  Disconnect  a  Gas  Cylinder  to  An  Operative  MPS-190 

Purge  Panel  Installations 

1.  Close  the  valve  on  the  gas  cylinder. 

2.  Close  the  isolation  valve. 

3.  Open  the  air-eperated  main  shut  off  valve  (if  not  already  open). 

4.  Open  the  by-pass  of  the  flow  limit  valve. 

5.  Make  20  purge  cycles. 

6.  Disconnect  the  flexible  connection  from  the  valve  of  the  gas 
cylinder  ly  unscrewing  the  OGA  fitting  slowly. 

7.  Remove  the  gas  cylinder. 

8.  Replace  cylinder  valve  safety  cap. 

9.  Call  for  cylinder  pick  up. 

3.6  Procedure  to  Connect  a  Hew  Gas  Cylinder  to  an  Operative  MPS-IO 

Purge  Panel  Installations 

1.  Verify  that  the  isolation  valve  is  closed. 

2.  Verify  that  the  air  operated  main  shut  off  valve  is  open. 
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3.  Connect  the  316SS  connection  to  the  cylinder  valve  and  tighten  the 
CGA  fitting. 

4.  steps  outlined  in  sections  3.3  and  3.4. 

5.  epen  slowly  the  gas  cylinder  valve. 

6.  Close  the  by-pass  of  the  flew  linu.ting  valve. 
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CHAPTER  7 

A  STDCY  OF  DZIBUaC  FUDID  EICN  IN  A  VSZnCAL  NQCVD  RBOGR 

BUSCUJCTION 

To  obtain  a  good  quality  reproducible  epitcocial  layer  of  III-V 
coipounds  by  MOCVD  technique,  the  knowledge  of  gas  flexir  dynamics  and 
the  parameters  that  affect  the  growth  of  these  epi-layers  is 
absolutely  essential.  Past  one  year's  experience  with  RADC's  MOCVD 
system  has  indicated  that  the  vertical  reactor  supplied  by  CVD 
Equipment  Corporation  has  a  severe  turbulant  fluid  flow  preplans  vduch 
has  an  adverse  effect  on  III-V  cenpound  epitaxial  growth.  To  optimize 
the  fltiid  flow  in  this  reactor  as  vaell  as  to  design  a  new  reactor  for 
the  growth  of  InP,  GalnAs,  GalnP  and  GaAs  epitaxial  layers  by  Metal 
Organic  Chemical  Vapor  Depositixm  (MOCVD)  technique  at  low  pressure  a 
"smoke"  test  eiqieriinent  was  pezrformed.  The  "smoke"  which  is  visible 
to  the  naked  eye  as  well  as  a  video  camera  is  generated  by  reacting 
NH3CH  +  HOI  vapors  at  room  temperature  and  atmospheric  pressure.  At 
low  pressure  and  580°  C  the  "smoke"  is  generated  by  reacting  TiCl^  + 
H2O  vepors  together. 

EXFBRIMDKERL 


Experimental  arrangement  of  fluid  flow  visualization  apparatus 

The  schematic  of  the  apparatus  xised  to  study  the  dynamic  fluid 
flow  in  the  vertical  MOCVD  reactor  is  shown  in  Figure  7.1.  Ultra  pure 
dehydrated  Helium  gas  is  peussed  through  the  bubblers  vdiich  contain 
NH3OH  &  HCl  at  room  tenperature  and  atmospheric  pressure.  To  study 
the  flew  pattern  at  high  temperature  (580%)  and  low  pressure  the  He 
gas  is  peissed  through  TiCl^  &  H2O  bubblers.  The  He-gas  flowing 
through  the  bubblers  and  as  pusher  gas  is  metered  by  Metheson's 
POTOMETERS.  The  pressure  balance  between  the  rotometers  and  the 
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reactor  is  maintained  by  using  a  ceniJination  of  Pressure  Gauges  Ball, 
and  Throttle  valve  because  the  rotemeters  work  only  at  atmospheric 
pressure. 


'Die  "smoke"  created  is  given  by  the  following  reactions: 

(a)  Roan  tenperature  and  atmosiE^ieric  pressure:  NH3CH  and  HCl  vepors 
react  to  give  a  white  smoke  of  NH^Cl. 

(b)  High  tenperature  and  low  pressure: 

TiCl^  &  H2O  vapors  react  to  give  a  white  smoke  of  Ti02. 
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Reactor 


The  vertical  reactor  used  in  RADC's  MOCVD  system  is  shown  in 
Figure  7.2.  Hiis  reactor  is  made  of  quartz  and  its  shape  resembles  an 
inverted  funnel.  'Die  critical  dimensions  of  the  reactor  is  also  shown 
in  Figure  7.2.  In  an  actual  MOCVD  epitaxial  growth  system  this 
reactor  is  water  cooled  but  ^diile  performing  the  "smoke"  test 
experiment  it  was  not  cooled  so  that  video  film  can  be  taken  of  the 
fluid  flow  patterns  under  different  conditions.  Therefore  the  one 
najor  difference  between  the  actual  MOCVD  flow  and  the  "smoke"  test  is 
that  in  an  actual  MDCVD  growth  the  reactor  wall  is  cold  whareas  in  the 
smoke  test  the  wall  is  hot. 
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Injection  Head 

The  figiire  7.3  gives  a  self  explanatory  detailed  diagram  of  the 
injection  head  used  with  the  reactor.  The  main  body  of  the  injection 
head  is  itade  of  stainless  steel.  It  has  VOl  ccxinection  for  gas  ccming 
frcm  the  gas  handling  system.  This  injection  head  is  very  much 
similar  to  the  actual  injection  head  used  in  MCXZVD  system  with  only 
very  little  difference.  The  0-rings  as  shewn  in  figure  7.3  go  around 
the  injection  tube  and  the  reactor  stem  to  make  sure  that  the  system 
is  leak  tight. 
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Uiree  different  injection  tubes  used  in  actual  MOCVD  growth  were 
used  for  smoke  test  to  see  their  effect  on  the  fluid  flow  dynamics. 
Figure  7.4  gives  a  detailed  schematic  of  it.  After  initial 
experiments^  it  was  decided  to  iise  the  injection  tube  shewn  in  Figure 
7.4(a)  because  other  two  injection  tubes  created  very  turbulent  flew 
patterns.  All  above  injection  tubes  are  nede  of  quartz  and  they  end 
1"  above  the  platter. 
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FIGURE  7.4  INJECTION  TUBES. 
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Platter  (Substrate  holder) 

Figure  7.5(a)  shows  the  platter  used  in  smoke  test  and  figure 
7.5(b)  shows  the  platter  used  in  actual  MOCVD  system.  The  platters 
used  in  140CVD  is  made  of  Mollybdenum  v^le  one  used  in  smoke  test  is 
made  of  Graphite.  The  critical  dimensions  are  given  in  Figure  7.5. 
In  actual  MOCVD  system  the  temperature  is  measured  by  using  Pt-Rh 
thermocouple  as  shown  in  Figure  7.5(b)  while  in  smoke  test  it  is 
measured  using  XR-thexmometer  (Camera). 
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Heater 


Figure  7.6  shows  the  schenatic  of  the  heater  used  in  actual  MOCVD 
system.  This  is  a  resistance  heating  element  which  utilizes  Boron 
nitride  thin  film  (Boralloy^'^))  as  an  insulating  substrate  and 
pyrolytic  graphite  as  a  resistor.  The  critical  dimensions  of  this 
heater  are  given  in  the  figure  7.6.  Figure  7.7  shows  the  schenatic  of 
the  coil  resistance  heater  vised  in  the  "smoke"  test.  It  is  a  standard 
heating  element  used  in  cooking  stove.  The  material  of  the  element  is 
call  chemtholl. 
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Major  difference  between  actual  MDCVD  &  smoke  test  apparatus 

The  gas  handling  system  used  for  actual  MCXIVD  and  smoke  test 
appciratus  is  different.  Ultrapure  hydrogen  gas  further  purified  by 
palladium  diffuser  is  used  as  carrier  gas  in  the  MOCVD  system  whereas 
He-gas  is  used  for  smoke  test.  The  gases  used  in  IKDCVD  are  metered  by 
Mass  flew  controllers  whereas  the  rotoneters  are  used  for  this  purpose 
in  smoke  test  apparatus.  The  bubblers  are  made  of  stainless  steel  and 
are  cooled  at  30°C  to  -10°C  in  actual  MOCVD  system.  The  bubblers  for 
smoke  test  are  itede  of  pyrex  and  they  are  kept  at  room  tenperature. 

In  actual  MOCVD  system  the  tenperature  of  platter  ranges  from 
580°C  to  700°C  while  in  smoke  test  apparatus  it  is  kept  at  580°C  for 
all  conditions. 

The  low  pressure  in  MOCVD  system  ranges  from  70  torr  to  25  torr 
vrtiereas  it  is  about  200  torr  for  smoke  test.  The  reason  for  this  is 
that  the  smoke  is  not  visible  below  this  pressure. 
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CHAPTER  8 

A  groPy  OF  DYNAMIC  FlfllD  PLOW  Pi  A  VERnCRL  MXM?  REaCICH 

Experlmartt 

This  experiment  is  performed  to  study  the  effect  of  the  various 
gas  flow  rates  through  the  side  inject  on  the  flow  dynamics  in  the 
vertical  reactor  vdiile  keeping  the  rate  of  gas  flowing  through  the 
main  inject  constant. 

(A)  PARAMETOIC  OOMDITICMS  m  BE  REflCTCR; 

(i)  Roan  ten^perature  (30%) 

(ii)  Atmospheric  pressure,  and 

(iii)  1/4"  open  end  injection  tube  which  ends  1"  above  the 
platter. 


(B)  OOMSTAWTSt 


(i)  Ihe  rate  of  gas  flcMing  through  the  main  inject  is  kept 

constant  at  750  oc/min. 

(ii)  The  rate  of  gases  flowing  through  the  main  inject  are 
HCl  and  He  (which  acts  as  pusher  gas)  375  cc/min  each, 
respectively. 


(C)  VARIABLES; 


(i)  The  rate  of  gas  flowing  through  the  side  inject  is 
varied  from  375  cc/min  to  10  lit/min. 

(ii)  The  gas  flcMing  through  the  side  inject  is  NH^OH. 

Ihe  table  8.1  summarizes  2lI1  the  flow  condition  amd  results. 
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TtSLE  8.1 


1 

Figure  1  | 

Constant  flow  through 
main  inject  cc/min 

1  Variable  flot/  through  side 

1  Inject  NH4GH 

1 

Id 

1  He 

1 

1 

a  1 

1 

375 

1 

1  375 

1 

1 

1  375  cc/min 

1 

1 

b  1 

1 

375 

1 

1  375 

1 

1 

1  750  cc/min 

1 

1 

c  1 

1 

375 

1 

1  375 

1 

1 

1  1.5  lit/min 

1 

1 

d  1 

1 

375 

1 

1  375 

1 

1 

1  4.0  lit/min 

1 

1 

e  1 

375 

1 

1  375 

1 

1  10.0  lit/min 
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Gcnclusixxi 


(1)  Keeping  the  gas  flow  rate  throu;g^  the  main  inject  constant, 
as  the  gas  flow  rate  through  the  side  inject  is  increased  the 
tuiixilance  in  the  gas  flow  in  this  particular  reactor  decreases. 

(ii)  Best  results  are  obtained  when  the  total  gas  flow  through 
the  main  inject  is  750  cc/min  and  the  gas  flow  through  the  side 
inject  is  4.0  It/min  or  above. 

(iii)  Therefore  it  can  be  concluded  that  by  controlling  the  gas 
flow  through  the  nain  inject  and  the  side  inject,  the  turbulance 
in  the  gas  flow  dynamics  can  be  controlled. 
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CHAPTER  9 

HCMlIMEWr  2 

This  experiment  is  performed  to  study  the  effect  of  various  gas 
flow  rates  through  the  main  inject  on  the  flow  dynamics  in  the 
vertical  reactor  vAiile  keeping  the  rate  of  the  gas  flowing  through  the 
side  inject  constant.  The  flow  through  the  side  inject  is  kept  at  5 
lit/min  because  the  best  results  were  c±tained  at  this  flow  rate. 


(A)  PARAMETRIC  OCMDITIOMS  IN  THE  REfiCTGR; 

(i)  Room  temperature  (30°C} 

(ii)  Atmospheric  pressure,  and 

(iii)  1/4"  open  end  injection  tube  which  ends  1"  above  the 
platter. 

(B)  OCKSTAWTS; 


(i)  Ihe  rate  of  gas  flowing  through  the  side  inject  is  k^>t 

constant  at  5.0  lit/min. 

(ii)  The  rate  of  gas  flowing  through  the  side  inject  is 
NH4OH. 

(C)  VARIARTJ^; 

(i)  The  rate  of  gas  flowing  through  the  main  inject  is 
varied  from  375  cc/min  to  4.0  lit/min. 

(ii)  The  gas  flcxdng  through  the  main  inject  is  HCl. 

The  table  9.1  sunmarizes  all  the  flow  conditions  and  results. 


61 


i 


pork*  niothomotical  toborator««t. 
COrt<i>*.  mosao<Hus*tti  *  0t74l 


■  nc 


TABLE  9.1 


1 

Figure  2  | 

Constant  flow  through 
side  inject  lit/min 

1  Variable  flow  through  main 

1  inject  HCl 

1 

HCl 

1 

He 

1 

1 

a  1 

1 

5.0 

1 

1 

1 

0 

1 

1  375  cc/min 

1 

1 

b  1 

1 

5.0 

1 

1 

1 

0 

1 

1  750  cc/min 

1 

1 

c  1 

1 

5.0 

1 

1 

1 

0 

1 

1  4.0  lit/min 

1 

1 

*d  1 

10.0 

1 

1 

0 

1 

1  4.0  lit/min 

*  Note:  for  figure  9.1.d  result  the  side  inject  flow  rate  is  increased 
to  10  lit/min  to  see  the  effect  of  it  on  the  flow  ctynamics  in  the 
reactor 
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Oopclusion 


(1)  Keeping  the  gas  £lc«^  rate  throui^  the  side  inject  constant  as  the 
gas  flov  rate  through  the  main  inject  is  increased  the  turbulence  in 
the  gas  flow  in  this  particular  reactor  increases. 

(ii)  Best  results  eure  obtained  when  the  total  gas  flow  through  the 
main  inject  is  375  cc/min  and  the  gas  flew  through  the  side  inject  is 
5.0  It/min. 
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CHAPTER  10 

EgHtMMP  3 

In  order  to  verify  that  mixing  the  reactant  gases  does  not  affect 
the  flew  dynamics  in  the  reactor,  the  gas  plvinbing  vas  changed  so  that 
the  NH4OH  and  HCl  gases  were  mixed  and  injected  through  the  main 
inject.  Pusher  gas  (He)  vas  injected  through  the  side  inject 

PARAMETRIC  COOITiaNS  IN  THE  REflCTOR; 


(i)  Room  taqperature  (30^) 

(ii)  Atmospheric  pressure,  and 

(iii)  1/4"  open  end  injection  tube  which  ends  1"  above  the 
platter. 

The  table  10.1  summarizes  all  the  flaw  conditions  and  results. 
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Figure  3 


TABUS  10.1 


Flew  througti  the  main  |  Constant  flcsw  through  side 
inject  oc/min  |  inject  pusher  gas  (He)lt/inin 


iCl  I  NH4CH 


GAS  IN 


I  VCR  (MAIN  INJECTION) 


VACUUM  PUMP 
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Conclusion 


It  can  be  seen  from  the  results  that  as  long  as  the  gas  flow  rates 
through  side  inject  is  4  It./min  or  above  and  the  gas  flow  rates 
through  the  main  inject  is  at  least  2  times  less  than  the  side  inject, 
the  mixing  of  gases  in  any  manmr  does  not  affect  the  gas  flow 
dynamics  in  the  reactor. 
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CHAPTER  11 

EXPHtDBiT  4 

In  order  to  see  vdiat  the  pusher  gas  looks  like  at  high  gas  flow 
rate,  we  changed  the  configuration.  NH^OH  emd  HCl  were  mixed  and 
injected  through  the  side  inject  tube  whereas  the  pusher  gas  (He)  was 
injected  throuc^  the  main  inject. 

PARAMETIKEC  CCMDITICMS  ^  BE  REflCTCR: 

(i)  Rocm  tenperature  (30%) 

(ii)  Atmospheric  pressure,  and 

(iii)  1/4"  open  end  injection  tuba  which  ends  1"  above  the 
platter. 

A  suonery  of  the  flow  condition  and  result  is  given  in  table  11.1. 


73 


pork#  mothtffioficol  ioborotonvt.  tnc. 
corlttU,  maaiochvs*H«  •  0174! 


•OEIE  11.1 


I  I  Flew  throuig^  side  |  Flew  through  the  main  | 

I  Figure  4  |  inject  It/min  |  inject  pusher  gas  (He)lt/min| 


HCl  I  NH4OH 

_ I _ 


GAS  IN 

i  VCR  (MAIN  INJECTION) 


I 


VACUUM  PUMP 
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Oonclusion 


It  is  obvious  from  the  result  that  if  the  reactants  are 
premixed  in  side  inject  then  regardless  of  the  gas  flow  rate  a 
turbulance  gas  flow  dynamics  in  the  reactor  is  created. 
Therefore,  the  reactant  gases  should  always  be  premixed  in  the 
nain  inject  or  they  should  be  injected  in  the  reactor  separately. 
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CHAPTER  12 


>T7 


Dlls  experiment  was  perfomed  to  stucfy  the  affect  of  lotir  pressure 
on  the  fluid  flow  dynamics  in  the  vertical  reactor.  All  other 
conditions  are  same  as  experiment  4. 

PARAMETRIC  CCNDITTCNS  IN  IHE  REACTOl: 


(i)  Room  temperature  (30°C) 

(ii)  Low  pressure  (=  200  torr),  and 

(iii)  1/4"  open  end  injection  tube  which  ends  1"  above  the 
platter. 

A  sunnary  of  the  flow  condition  and  result  is  given  in  table  12.1. 
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T»B[£  12.1 


1 

Flew  through  the  side 

1  Flow  through  the  min 

Figure  5  | 

1 

inject  It/min 

1  inject  pusher  gas  (Iie)lt/min 

1 

r 

HCl 

1  NH4CH 

’1 

1 

1 

1 

2.5 

1 

1  2.5 

1 

1 

1  1*5 

1 
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Conclusion 


Ccnparlng  the  results  of  experiments  4  and  5  it  can  be  concluded 
that  the  pressiure  in  the  reactor  does  not  affect  the  gas  flow  dynamics 
in  the  reactor  very  much  if  the  reactant  gases  are  premixed  in  side 
inject. 
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CHAPTER  13 
Experiment  ^ 

Bus  eaqjerinent  is  performed  to  stucty  the  effect  of  the  injection 
tube  on  the  flow  dynamics  in  the  vertical  MOCVD  reactor.  The 
injection  tube  used  is  a  1/4"  open  end  injection  tube  which  ends  3" 
above  the  platter.  The  experiments  were  performed  at  various 
parametric  conditions  in  the  reactor.  Bie  deta i Is  are  given  below: 

(A)  PARAMETRIC  OCMDITICMS  IN  Bffi  REACTOR  FOR  EXPERIMEOT  6.1  TO  6.4: 

(i)  Rocm  tenperature  (30*^) 

(ii)  Atmospheric  pressure 

BffiLB  13.1 


1 

Figure  1  |  Side  Inject  1/m 

1 

1 

j  Main  Inject  cc/m 

1 

1 

1 

1 

1 

1  **4®  1 

HOI  1  He 

I 

1 

1  0 

1 

1  1 

1  375  1 

1  1 

1 

375  1  375 

1 

GAS  IN 


I 


VACUUM  PUMP 
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Experiinenl:  6.2 


a3ffiiC£  13.2 


1  1 

1  Figure  2  |  Side  Inject 

(It/min) 

1 

1  Main  Inject  (It/min) 

1  1 

_l  HCl 

1  1  He  (Pusher) 

1  1 

1  NH4CH 

1 

1  1 

1  1  3.5 

1  1 

1 

1  1.5 

1 

1  1-5 

Experiment  6.3 

•JNSi£  13.3 

1  1 

1  Figure  3  |  Side  Inject  (It/min) 

1 

1  Main  Inject  (It/min) 

1  1 

_|  He(Pusher) 

1  1  1 

HCl 

1 

1  1  1 

1  1  2.5  1 

2.5 

1 

1  1-5 
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Experiment  6.4 


OABLE  13.4  I 

I 


Figure  4  |  Side  Inject  (It/min) 
I  He(Pusher)  | _ 


Main  Inject  (cc/mLn) 


NH4CH 


5 


750 


750 


(B)  PARAMETRIC  OOMDITKKS  m  ^  REftCTOR  FOR  EXPERIMEWT  6.5  TO  6.7; 

(i)  Room  temperature  {3(PC) 

(ii)  Atmospheric  pressure  (200  Torr) 


•Offiiz  13.5 


I  Figure  5  (  Side  Inject  (It/min)  |  Main  Inject  (cc/min)  | 
I  I  He(Pusher)  | _ | 


NH4CH 


HCl 


GAS  IN 


f 

VACUUM  PUMP 
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Figure  6 


TAE[£  13.6 


Side  Inject  (It/min) 


Main  Inject  (cc/min) 


NH4CH  I  HCl 


Figure  7 


OABIf  13.7 


Side  Inject  (It/min) 


NHaCH 


Main  Inject  (It/min) 
Ife(Pusher) 
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Conclusion 


(i)  Using  an  1/4"  open  end  injection  tube  vdiich  ends  3"  above  the 
platter  does  not  affect  the  gas  flow  dynamics  in  the  reactor  very 
much.  The  gas  flow  dynamics  in  this  particular  reactor  is  still 
dependent  on  the  gas  flow  rates  through  the  side  inject  port  and  main 
inject  port  separately. 

(ii)  As  long  as  the  gas  flow  rate  through  the  side  inject  port  is 
41t/min  or  above  and  gas  flow  rate  through  the  main  inject  is  1.5 
It/min  or  below  the  gas  flow  dynamics  in  the  reactor  is  turbulance 
free. 


(iii)  Ohe  gas  flow  dynamics  in  this  case  also  d^iends  on  the  manner  in 
which  reactants  are  mixed.  To  avoid  turbulant  flow  dynamics  the 
reactants  should  never  be  mixed  in  the  side  inject  port. 

(iv)  The  low  pressure  in  the  reactor  does  not  affect  the  gas  flow 
dynamics  in  the  reactor  at  all. 
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CHAPTER  14 


Experiment  7; 


In  this  ejqperiment  the  injection  tube  used  is  a  1/4"  funnel  shaped 
end  tube  which  ends  1"  above  the  platter. 

Experiment  7.1 

PARAMETRIC  COOnTONS  ^  ^  REACTOR; 

(i)  Room  tenperature  (30°C) 

(ii)  AtmosjEheric  pressure 


TABLE  14.1 


Figure  1 


Side  Inject  (It/xnin) 
He(  Pusher) 


1  1 

1  Main  Inject  (cc/min)  | 

1  1 

1  1 

HCl  1 

1  1 

1  750  1 

750  1 

Experiment  7.2 

PARAMETRIC  OlDinCWS  ^  ^  REjOCR; 

(i)  Room  teqperatuxe  (30%) 

(ii)  Um  pressure  (200  Torr) 
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TPOE  14.2 


Figure  2  |  Side  Inject  (It/min) 
I  He(Pusher) 


I  Main  Inject  (cc/min) 

I _ 

i  NH4CH  I  HCl 


QAS  IN 


I 

VACUUM  PUMP 
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Oonclusion 

(i)  The  \ise  of  1/4"  funnel  shaped  end  injection  tube  does  affect  the 
gas  flow  dynamics  in  the  reactor  for  vic^rst. 

(ii)  Even  with  a  gas  flow  rates  of  5  lit/min  emd  1.5  lit/min  (at 
atmospheric  pressure)  through  side  inject  port  and  main  inject  port 
respectively,  the  gas  flow  in  the  reactor  is  not  laminar  in  the 
reactor. 


(iii)  The  low  pressure  in  the  reactor  does  not  help  the  gas  flow  in 
the  reactor  to  be  free  of  turbulence. 
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CHAPTER  15 
Experiment  ^ 

This  easier iment  is  perfonned  to  stuefy  the  effect  of  the  injection 
tube  on  the  flow  dynamics  in  the  vertical  MOCVD  reactor.  The 
injection  tube  used  is  1/4"  in  OD  with  the  holes  at  the  bottom  and 
this  but  ends  1"  above  the  platter.  The  experiments  were  performed  at 
various  parametric  conditions  in  the  reactor.  The  details  are  given 
below; 


Experiment  8.1 

PARAMETRIC  OCK)ITICKS  DJ  T|ffi  REftCTORt 

(i)  Roan  tenfierature  (30^) 

(ii)  Atmospheric  pressure,  and 

TABUS  15.1 


1  Side  Inject  (It/m) 

1  Main  Inject  (cc/m) 

1  Figure 

1  He  (Pushergas) 

1  Iil4CH  1  HCl 

1  1 

1  1 

1 

1  5 

1  1 

1  750  1  750 

1  1 

1 

98 


I 


VACUUM  PUMP 


fiorkB  motH«moticoi  ^oboroto'iti.  me. 
eorlitl*.  moisachus«ttt  •  0)741 


Experiment  8.2 

PARAMErmiC  OCMDinClg  m  ™  REftCTCR: 

(i)  Roan  tonperature  (30*%) 

(ii)  Lew  pressure  =  200  Torr 

OSBUE  15.2 


1 

Side  Inject  (It/m) 

1  Main  Inject  (cc/m) 

Figure  | 

He  (Pushergas) 

1  NH4CH  1  HCl 

1 

2  1 

1 

5 

1  1 

1  750  1  750 

1  1 

100 
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Conclusion 


(i)  Uie  use  of  1/4"  injection  tube  with  holes  at  the  bottom  end  which 
ends  1"  above  the  platter  does  affect  the  gas  flow  dynamics  in  the 
reactor  for  worse. 

(ii)  Even  with  a  gas  flow  rates  of  5  lit/min  and  1.5  lit/min  (at 
atmospheric  pressure)  through  side  inject  port  and  main  inject  port 
respectively,  the  gas  flow  in  the  reactor  is  not  laminar  in  the 
reactor. 


(iii)  The  low  pressure  in  the  reactor  does  not  help  the  gas  flow  in 
the  reactor  to  be  free  of  turbulence. 


102 


Q  park#  motHtmotical  iaborotoriai.  >nc 
eoritti*.  motsocKuiatts  •  0)741 


CHAPTER  16 
Experiment  2 

This  experiment  is  perfozmed  to  stxxiy  the  effect  of  a  Fretted  disk 
without  any  Injection  tube  on  the  flow  dynamics  in  the  vertical  MOCVD 
reactor.  The  experiments  were  performed  at  various  parametric 
conditions  in  the  reactor.  The  details  are  given  below: 

Experiment  9.1 

PARAMETRIC  CCMDITTOMS  m  ^  REflCTCRt 

(i)  Room  temperature  (30^C) 

(ii)  Atmospheric  pressure,  and 

TABUB  16.1 


1 

M&in  Inject  (It/m) 

1  Side  Inject  (It/m) 

Figure  | 

He  (Pushergas) 

1  NH4aH  1  Ha 

1  __  1 

1 

1  1 

1 

0 

1  1 

1  2.5  1  2.5 

1  1 
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Experiment  9.2 

PARAMETRIC  OCMDITICMS  m  ^  REflCTOR: 

(i)  Roan  temperature  (30°C) 

(ii)  Ixra  pressure  =  200  Ibrr 

16.2 


1 

Main  Inject  (It/m) 

1  Side  Inject  (It/m) 

Figure  | 

He  (Pushergas) 

1  NH4CH  1  HCl 

1 

2  1 

1 

0 

1  1 

1  2.5  I  2.5 

1  1 
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Experiment  9.3 

PARAMEDIC  CXUDinONS  m  BE  REflCTOR: 

(i)  Platter  tennperature  is  580°C 
(11)  Atmospiierlc  pressure,  and 


16.3 


1 

Main  Inject  (It/m) 

1  Side  Inject  (It/m) 

Figure  ] 

He  (Pushergas) 

1  TiCl4  I  H2O 

1 

3  1 

1 

0 

1  1 

1  2.5  1  2.5 

1  1 
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Experlmant  9.4 

PARAMEDIC  (XtOmCMS  m  ™  REACTORt 

(i)  Platter  temperature  is  580°C 

(ii)  Lew  pressure  =  200  Torr 

lAEBLE  16.4 


1 

Main  Inject  (It/m) 

1  Side  Inject  (It/m) 

Figure  | 

He  (Pushergas) 

1  TiCl4  1  HjO 

1 

4  1 

1 

0 

I  1 

1  2.5  1  2.5 

1  1 
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Eacperlment  10 

This  experiment  is  performed  to  study  the  effect  of  high 
temperature^  with  Injection  tube,  on  the  flow  cfynamics  in  the  vertical 
MOCVD  reactor.  The  injection  tube  used  is  1/4"  in  OD  which  ends  1" 
above  the  platter.  The  experiments  were  performed  at  various 
parametric  conditions  in  the  reactor.  The  details  are  given  belon 

Experiment  10.1 

PARAMETRIC  CCMDITIONS  m  ^  REflOmt 

(i)  Platter  tenperature  is  580°C 

(ii)  Atmospheric  pressure,  and 

OABLB  16.5 


1 

Main  Inject  (cc/m) 

1  Side  Inject  (It/m) 

Figure  j 

TiCl4 

1  He  1  H2O 

1 

1  1 

1 

750 

1  1 

1  2.5  1  2.5 

1  1 
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E^xperiroent  10.2 

PARAMETRIC  OOMDITICMS  m  ^  REACTOR: 

(i)  Platter  tenparature  is  580S0) 

(ii)  Lew  pressure  =  200  Torr 

OABEZ  16.6 


1 

1  Side  Inject  (It/m) 

1  Ifain  Inject  (cc/m) 

I  Figure 

1 

1  He  (Pushergas) 

1  TiCl4  1  H2O 

1 

1  2 

1 

1 

1  5 

1  1 

1  325  1  325 
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